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Abstract: We examine the influence of street scales (the street width, building height, and 
street-width-to-building-height ratio, UHIHUUHG WR DV µZLGWK-to-KHLJKW UDWLR¶ LQ WKH SDSHU on 
visual, acoustic, and audio-visual comfort evaluation (as evaluated by a set of participants) in 
urban areas. In addition, we examine the relationships between the sound level and the 
abovementioned subjective comfort evaluation except the visual one. After measuring the 
street scales and recording the street visual information with a 3D camcorder, the virtual 3D 
models of the streets were generated. Meanwhile, dual-channel acoustic signals of the streets 
were collected. Subsequently, subjective tests were carried out using a 3D virtual reality with 
corresponding sounds using 164 participants. The analysis shows that subjective attitudes are 
directly related to the street scales. In particular, there is a strong positive correlation between 
audio-visual comfort and the street width-to-height ratio. In contrast, the three indicators 
(visual, acoustic, and audio-visual comfort) are strongly negatively correlated to the height, 
and this type of negative correlation is also observed between subjective indicators (except 
the visual one) and the sound level. Overall, the respondents found the audio-visual level 
most comfortable when the street width-to-height ratio is greater than 1, street width is within 
20 m, height of street buildings is less than 26 m, and the sound level is less than 58 dBA. It is 
expected that these findings can aid designers in predicting the ideal audio-visual 
environment quality for urban streets. 
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1 Introduction  
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According to data from the United Nations (UN), 396 million people will be added to the 
cities of East Asia and Southeast Asia from 2015 to 2040 [1, 2]. This increase in the urban 
population requires a drastic expansion of the urban living and transportation space. The rapid 
development of large-scale buildings in new urban areas can bring in changes in urban 
structures which are quite different from those in the old towns because of many new 
functional constructions, heavy transportation, and multiply scaled streets and buildings, 
which can subsequently change the overall perceptive audio-visual comfort of a resident or 
pedestrian. Whether the newer urban space (for example, its street and square) can meet the 
demand of satisfactory audio-visual perception forms a key issue for exploration, and 
understanding the correlation between the width and height of a street and the indicators of 
visual comfort, acoustic comfort, and audio-visual comfort would be beneficial for designing 
liveable cities. 
 
Sound propagation in a street was first measured in 1965 by Wiener et al. for detecting the 
noise level and reverberation [3]. Schröder et al. observed a change in reverberation along the 
length of the street [4]. Kang established an acoustic model by using the energy virtual source 
method for enclosed streets and enclosed squares with geometric mirror reflection boundary 
surfaces, and they proposed to increase the use of audio-visual interactions to simplify the 
simulation process [5].  
 
Sounds in an environment are normally evaluated by analysing the acoustic comfort or 
annoyance in the subjective evaluation of a soundscape [6-8]. Annoyance is generally 
associated with acoustic comfort. The concept of annoyance is defined as µa feeling of 
displeasure associated with any agent or condition, known or believed by an individual or 
group to adversely affect them¶, and it is clearly a negative environment situation [9]. In this 
backdrop, Guski et al. explored the concept of µnoise annoyance¶, concluding that noise 
annoyance can be regarded as a multifaceted psychological concept addressing the immediate 
behavioural (disturbance and interfering with intended activities) and evaluative aspects 
(nuisance, unpleasantness, and getting on one's nerves) [10]. The relationship between 
exposure to noise and noise annoyance has been studied via an integrated meta-analysis, and 
the relationships between noise level and noise annoyance have been further investigated [11, 
12]. Background noise levels were found to be an important index in evaluating the urban 
soundscape in open public spaces. For example, low background levels can allow a person to 
feel quieter and more peaceful [6]. Furthermore, the subjective evaluation of a soundscape is 
not limited to the study of acoustic comfort and noise annoyance but also the pluralistic 
aspects of acoustic perception, acoustic memory, sound sentiment, and aesthetics [13].  
 
The audio-visual environment has also been considered as a total environment to be studied. 
For example, Hong and Jeon have suggested that audio-visual interactions may affect the 
environmental quality, and as a result, these interactions should be considered in urban 
planning [14, 15]. Some researchers have determined that an individual experiences the 
surrounding environment as a whole, through all the sensory forms at the same time [16]. The 
sum of these inputs produces physiological and psychological effects which lead to the 
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feeling of happiness or distress. The complex interplay between the auditory and visual senses 
has also been researched in neuroscience [17, 18]. Total environmental consciousness 
involves the combination of all the senses, and a reasonable assessment of an environment 
should be based on an overall evaluation of multiple parameters. For example, Preis et al. 
found that there could be many different interactions between feeling, hearing, and vision, 
and as a result, the subjective evaluation of the urban environment should be included [19]. 
Here, we note that interactions can also be multisensory. Other studies show that sensory 
stimulation can transfer from one individual to another [20-22].  
 
Although the relationship between scale and sound propagation has been studied, the effect of 
the 3D scale of a street on visual, acoustic, and audio-visual comfort levels has not thus far 
been systematically explored. In addition, acoustic and visual factors are always 
interconnected and not independently controlled in the real world, and each street has its 
unique audio-visual environment. Due to inherent limitations, main effect of morphological 
factors of urban street on audio/visual perceptions cannot be calculated. The aim of this work 
is to examine the influence of the street width (W), building height (H), and W/H on visual 
perception, acoustic perception, and audio-visual comfort evaluation in urban areas. The 
observations and findings in this paper are based on 164 individuals who participated in 
audio-visual tests to evaluate the visual, acoustic, and audio-visual comfort levels using a 
5-point scale, via the application of 3D dynamic virtual simulations and dual-channel acoustic 
tests for a field acoustic environment of 10 streets. Significant correlations between the scales 
of W/H, W, H and visual, acoustic, and audio-visual comfort were observed. In addition, the 
relationship between sound level (SL) and the abovementioned subjective indicators except 
the visual one is also discussed. 
 
2. Methodology 
 
The study methods included the selection of survey sites, 3D simulation, questionnaire survey, 
and analysis of acquired statistical data.  
2.1 The selection of survey site 
In this study, the field survey includes measuring the street and building scales and recording 
the sound environment of the sample. Our survey was carried out in Type 2-Environmental 
Noise Function Regions in Harbin, China, which refer to the areas with maximum SL of 60 
dBA during the daytime (6 a.m.-10 p.m.) and 50 dBA at night (10 p.m.-6 a.m.), respectively 
[23]. These areas, including the Haxi new town and Daowai old town (Figure 1), are major 
commercial and residential areas in the city where a significant number of residents live, and 
they form the most common areas in the urban environment. By measuring W and H of the 
buildings in three dimensions with a laser range finder (Trueyard SP1500), we collected data 
for 10 differently scaled streets which were not influenced by noise from the railway and 
factories in the city. Usually, the buildings comprise two or three floors and the streets 
comprise two to four lanes in the old town. In comparison, in the new town, many buildings 
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have 18 to 32 floors, while the streets follow the 8-, 10-, and 12-lane models, which is 
representative of a common characteristic of the streets in the new town.  
 
Next, the acoustic signal data for the 10 streets were collected over dual channels using an 
acoustic signal data collector (ZODIAC/DIC10). The acoustic signals were recorded at a 
height of 1.5 m above the ground on pedestrian roads at a distance of >50 m away from the 
intersection in order to avoid noise interference from pedestrian/bike crossings to obtain 
high-fidelity stereo recordings [5]. We recorded the acoustic signals on workdays in winter 
(when no leaves were on the trees) in order to avoid sound attenuation by the leaves. The 
traffic flow and speed are shown in Table 1. 
 
Table 1. Traffic data. 
 
 
Figure 1. New- and old-town locations in Harbin chosen for the study. 
Fangfang Liu, Jian Kang: Building and Environment    [DOI:10.1016/j.buildenv.2017.11.040] 
 
Building and Environment, Volume 129, 1 February 2018, Pages 35±45 
2.2 3D simulation  
Street images recorded by a 3D camera/camcorder are realistic; however, visual information 
such as color, architectural style, and degree of congestion in images would interfere with the 
responses of the subjective attitude towards street scales. In addition, certain research results 
show that the simulation of a 3D landscape with the coupling of the corresponding sound can 
deliver a more accurate and life-like experience [24]. Therefore, the visuals of the 10 streets 
were recorded with a 3D camcorder (Panasonic HDC-Z10000), and modelled in Unity 3D 
using the software CadnaA. The 3D visual roaming model was constructed by considering the 
combination of the height of the buildings and the width of the streets while the street styles 
and other visual information are omitted, as shown in Figure 2. A height of about 1.5 m from 
the ground is the W\SLFDOµeye height¶ of the landscape [25]. The camcorder of the virtual 3D 
model of the street sets is based on this view height. Furthermore, the integration of dynamic 
vision and sound provides a realistic sense of presence in the environment for the participant, 
and thus provokes responses and behaviours similar to those that would occur in the real 
environment. 
 
2.3 Questionnaire survey 
Previous studies have shown that in the study of perception on audio-visual stimuli in a 
controlled laboratory setting, a subject sample size of around 20 is often used [26, 27]. In this 
study, we increase the sample size to a total number of 164 to cover different ages while 
keeping the balance of the male-to-female ratio for participants. Based on the selection 
criteria of previous studies [28-30], young adults with normal hearing and regular or 
corrected-to-normal vision were selected as the study subjects. Participants were between 20 
Figure 2. Scale measurements and virtual 3D models of the 10 selected streets. 
Fangfang Liu, Jian Kang: Building and Environment    [DOI:10.1016/j.buildenv.2017.11.040] 
 
Building and Environment, Volume 129, 1 February 2018, Pages 35±45 
and 55 years oldˈand the male-to-female ratio was set to 1.05:1 (male 84, female 80) to 
ensure that the sample sex ratio showed balance. 
 
This study used the questionnaire survey method to measure visual comfort, acoustic comfort, 
and audio-visual comfort, which are three important evaluation indicators. The attitudes of 
respondents were measured using Likert scale that has been widely used in survey research of 
environmental effects on subjective comfort, although ICBEN scale is applicable and has 
been utilized in previous studies [31-33]. The parameters of visual, acoustic, and audio-visual 
comfort were graded as per the following linear scale: 1-very uncomfortable, 2-uncomfortable, 
3-neither comfortable nor uncomfortable, 4-comfortable, and 5-very comfortable. In the 
questionnaire, the names and locations of the 10 streets in question were not disclosed. The 
acoustic tests were conducted using the in situ sound level without any equalization, and the 
street soundtracks of the two SLs (The highest mean SL value is 64.6 dBA at S10, while the 
ORZHVWLVG%$DW6µS¶LQGLFDWHVWKHVWUHHWwere played to the participants through a 
BHS II headset connected to the acoustic signal data collector (ZODIAC/DIC10) for 30 
seconds, which allowed their ears to adapt the environment to avoid misjudgement. Then, 
soundtracks for 10 differently scaled streets were played randomly to the participants, during 
which they were allowed to answer questions related to the acoustic comfort in the 
questionnaire. Next, the stereo playback was stopped, followed by turning on the PC monitor 
(Lenovo IdeaCentre B520) that repeated playing the street video corresponding to the lately 
played soundtrack mutely, during which the participants answered the questions related to the 
visual comfort in the questionnaire. Finally, the stereo playback was turned on, and the 
participants can watch video and at the same time hear the stereo of the same street. 
Meanwhile, they answered the questions related to the audio-visual comfort in the 
questionnaire. 
2.4 Data statistics and analysis 
 
The data from the questionnaire of the 164 participants were collected. After calculation, the 
reliability coefficient of the questionnaire was estimated as 0.848 (Cronbach¶s alpha). A 
Figure 3. The sound levels (SLs) in the selected streets. 
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reliability coefficient 0.9 > Į   indicates that the questionnaire satisfies the reliability 
requirement [34]. 
 
The analysis of A-weighted SL, which is a commonly suggested metric in the evaluation of 
an aural environment [35], was performed using the Artemis-software-based acoustic signal 
data collector to generate binaural recordings to create a realistic 3D sound. All the sounds 
were recorded in the WAV format with a sampling frequency of 44,100 Hz. The observation 
points and the SLs are illustrated in Figure 3, wherein µS¶ indicates the street. The figure 
shows the SL distribution in each street, and we note that the maximum SL is about 73 dBA, 
while the minimum SL is 44.5 dBA. Mean SL values for old and new streets were plotted in 
Figure 3, and the difference is about 10 dBA. 
 
Table 2. Street scales for the 10 street configurations. 
 
Figure 4 depicts the mean of the visual comfort, acoustic comfort, and audio-visual comfort, 
which are the three important evaluation indicators. The means of the subjective evaluation 
do not oscillate significantly; and they vary between 2 and 4 with the subjective evaluation of 
 
Figure 4. Mean acoustic, visual, and audio-visual comfort levels along with standard 
deviations. 
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visual comfort level, acoustic comfort level, and audio-visual comfort level. The highest and 
lowest mean values differ by nearly one point, as shown in the figure. 
 
The W/H ratios of the streets are also shown in Figure 2. We note from the figure that the 
streets are not equal in terms of height in reality. Therefore, a given street is set to have three 
different W/H ratios via choosing the height from different sides of a building. In this context, 
we considered three situations: (1) W/H is calculated based on the short side (at the low end), 
denoted as W/Hmin. (2) W/H is calculated based on the long side (at the high end), denoted as 
W/Hmax. (3) W/H is calculated based on the average building height for both sides of the street, 
denoted as W/Have. The 3D scales for all 10 street configurations are listed in Table 2. 
 
3. Results and analysis 
Multivariate analysis of variance (MANOVA) was used to evaluate the effect of statistically 
significant mean difference in perceptual factors (visual, acoustic, and audio-visual) in terms 
of street scales of each configuration as well as SL. As shown in Table 3, significant mean 
differences are observed in visual, acoustic, and audio-visual comfort in terms of W/Hmin, 
W/Have, W/Hmax, Hmin, Have , Hmax, and W, as well as in acoustic and audio-visual comfort in 
term of SL (p <0.05 for all, Table 3).  
Table 3. MANOVA results for street configurations and subjective comfort assessment. 
SS = Type III Sum of Squares; df = degrees of freedom; MS = Mean Square; F = F ratio; Sig. = 
significance; Șp² = partial eta squared (effect size). Significance (at 0.05) is in bold. 
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Figure 5.Relationship between W/Hmin and comfort-level evaluation (a); Relationship between 
W/Have and comfort-level evaluation (b); Relationship between W/Hmax and comfort-level 
evaluation (c). 
We analysed the various relationships among the variables in question under the following 
classifications:  
3.1 Effect of W/H on comfort evaluation  
To investigate the relationship between W/H and comfort-level evaluation, the regression 
analyses with using mean values of subjective assessment were performed. These regression 
curves demonstrate similar trends to their corresponding ones analyzed based on all 
subjective data, and significant p values are less than 0.01 in all analyses, although R2 values 
are substantially small in the latter. In addition, regression analyses based on mean values 
have been used in many previous studies [5, 6]. Figure 5 illustrates the relationships between 
W/H (W/Hmin, W/Hmax, W/Have) and the subjective evaluation of the visual comfort level, 
acoustic comfort level, and audio-visual comfort level, and each symbol represents the 
average of the subjective evaluation of the visual, acoustic, and audio-visual comfort levels 
for one specific value of W/H. Both linear and quadratic regression were performed to analyze 
the relationship between W/H and the subjective comfort-level, and the results indicate that 
coefficients of determination R2 from quadratic regression are closer to 1 than those from 
linear regression. Furthermore, quadratic regression has been widely used in analyzing the 
relationship between environmental factors and subjective comfort assessment [5, 6]. As a 
result, quadratic regression was adapted in this study. 
As for visual comfort, a W/H
 
value > 0.9 corresponds to Dµpositive¶ participant attitude (that 
is, the comfort evaluation is greater than 3 in the scale defined previously). This value 
corresponds to a critical point between positive and µnegative¶ HYDOXDWLRQ. Moreover, a 
significant correlation was generally observed between W/Have and the subjective visual 
comfort level, with an R2 value of 0.923 (Figure 5b), thereby indicating that the W/Have 
variation accounts for 92.3% of the variability in the subjective visual-comfort level. In 
addition, W/Hmin variation has an R2 value of 0.853 (Figure 5a), which is similar to that of 
W/Hmax, with an R2 value of 0.942 (Figure 5c). TKH6SHDUPDQ¶VFRUUHODWLRQFRHIILFLHQWs r and 
p have been used to find significant correlation between the preference for integration of wind 
park and aural annoyance [28]. From Table 4, we note that there is a significant correlation 
between visual comfort and W/Have (r = 0.918, p < 0.01). Correlation is significant at the 0.01 
level (two-tailed). This result is similar to the visual assessment results for W/Hmin (r = 0.802, 
p < 0.01) and W/Hmax (r = 0.909, p < 0.01), as listed in Table 4. The result is higher for this 
correlation, but it is not the only factor affecting the visual comfort. We observed that the 
living environment has a certain effect on the audio-visual evaluation of the participant: the 
evaluation of visual comfort for streets with high-rise buildings is high by participants coming 
from Shenzhen, China (a city with many high-rise buildings). 
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Table 4. 6SHDUPDQ¶V FRUUHODWLRQ FRHIILFLHQW EHWZHHQ VWUHHW VFDOH DQG DFRXVWLF YLVXDO DQG
audio-visual comfort levels, including the two-tailed significance levels. Significant correlations 
are marked with * (p < 0.05) and ** (p < 0.01). 
 
The acoustic comfort also depends on W/H. As can be observed from Figure 5b, participants 
show positive attitudes when W/Have is greater than 1.2, and a correlation was generally 
observed with an R2 value of 0.470, thereby indicating that the W/Have variation accounts for 
47.0% of the variability in the subjective acoustic comfort level. In addition, the 
corresponding R2 values for W/Hmin, W/Have and W/Hmax are 0.272, 0.470 and 0.651, 
respectively (Figure 5). There was no significant correlation between acoustic comfort and 
W/Have, as can be inferred from Table 4 (r = 0. 518, p > 0.05). In addition, the influence of 
W/Hmin on the sound comfort is not significant (r = 0.372, p > 0.05). However, a significant 
correlation between acoustic comfort and W/Hmax was found to exist, as can be inferred from 
Table 4 (r = 0.768, p = 0.01). Correlation is significant at the 0.01 level (two-tailed). It is to 
be noted that the ratio W/H is calculated based on the long side (at the high end), and a strong 
correlation can be found between acoustic comfort and W/Hmax. 
 
In terms of the audio-visual comfort, a ratio of W/H > 1 corresponds to positive participant 
attitude, as can be observed in Figure 5b. A correlation was also observed between W/Have and 
the audio-visual comfort level, with an R2 value of 0.717. The corresponding value R2 values 
for W/Hmin and W/Hmax are 0.545 and 0.868 in Figures 5a and 5c, respectively. As can be 
inferred from Table 4 (r = 0.835, p < 0.01), similar results for W/Hmin (r = 0.691, p < 0.05) 
and W/Hmax (r = 0.948, p < 0.01) were obtained. Thus, there exists a significant positive 
correlation between audio-visual comfort and W/H. 
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It is noted that the tendencies of the three regression curves are different in Figure 5b. While 
the regression is nearly linear for acoustic comfort, it is parabolic for both visual and 
audio-visual comfort. From Figures 5a and 5c, similar trends are observed associated with 
W/Hmin and W/Hmax as well. Specifically, coefficients of determination R2 derived from linear 
and quadratic regression have the same value of 0.651 for acoustic comfort in Figure 5c, 
suggesting that attitudes of respondents towards the acoustic comfort could be straightened 
with the change the street scales. Moreover, the dependence of subjective comfort on W/Have 
as well as W/Hmax shows both large R2 )LJXUH  DQG VPDOO 6SHDUPDQ¶V FRUUHODWLRQ
coefficients p (Table 4), suggesting that attitudes of respondents were consistently influenced 
by these scales relative to W/Hmin. As shown in Figure 5a, subjective evaluations are very 
scattered and fall apart from the regression line when values of W/Hmin are between 1.33 and 
2.03. One possible explanation could be that individual¶s attention was prone to be attracted 
by buildings on the high end of a wide street. 
3.2 Effect of W on comfort evaluation 
 
When W is very large, it can give rise to comfort change in the audio-visual environment in 
addition to inconveniences to pedestrians, particularly the elderly and children. Figure 6 
shows the relationships between W and the comfort evaluation with the corresponding 
quadratic regressions and correlation coefficients R2. In Figure 6, each symbol represents the 
average of the subjective evaluation of the visual, acoustic, and audio-visual comfort for a 
specific value W. With an increase in W, the mean evaluation score decreases; however, it is 
also interesting to note that when W approaches 30 m, visual comfort begins to increase. 
When W is ~38 m, the audio-visual evaluation level also begins to rise, thus suggesting that 
 
Figure 6. Relationship between W and comfort-level evaluation. 
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the visual and audio-visual assessments are parabolic. However, acoustic comfort assessment 
is fairly linear; with an increase in W, the acoustic evaluation score always decreases. 
As for visual comfort, a correlation was observed between W and the subjective visual 
comfort level, with an R2 value of 0.491. This indicates that W variation accounts for 49.1% 
of the variability in the subjective visual comfort level. This value is not very large. Further, 
no significant correlation between visual comfort and W was found, as can be inferred from 
Table 4 (r = -0.353, p > 0.05). A possible explanation is that the correlation is related to the 
participant living environment and social background. For instance, certain participants living 
in rural areas said they preferred more spacious streets, but did not feel comfortable in 
crowded places. In addition, for participants to exhibit positive attitudes regarding visual 
comfort, W should be less than 15 m or greater than 43 m, as shown in Figure 6. 
 
A correlation was generally observed between W and the acoustic comfort level with an R2 
value of 0.634 (Figure 6), indicating that the W variation accounts for 63.4% of the variability 
in the subjective acoustic comfort level. A significant negative correlation was observed 
between acoustic comfort and W, as can be inferred from Table 4 (r = -0.768, p < 0.01). As 
expected, this result is consistent with the fact that a wider road leads to the movement of 
more vehicles, leading in turn to more noise, which lowers the sound comfort level. Therefore, 
from a sound-comfort perspective, Figure 6 indicates that people prefer street widths of < 22 
m.  
 
Nevertheless, from the audio-visual comfort point of view, W should be limited to within 20 
m. In this regard, a correlation between W and the audio-visual comfort was generally 
observed with an R2 value of 0.564. This indicates that W variation accounts for 56.4% of 
variability in the subjective audio-visual comfort level evaluation. No significant correlation 
between audio-visual comfort and W was found, as can be inferred from Table 4 (r = -0.587, 
p > 0.05).  
3.3 Effect of H on comfort evaluation  
Figure 7 depicts the relationships between H and the comfort level evaluation with the 
corresponding quadratic regressions and correlation coefficients R2. In Figure 7b, the comfort 
level of 3 forms the critical point between positive and negative participant attitudes. The 
participants preferred the visual, acoustic, and audio-visual comfort levels corresponding to H 
< 40 m, 20 m, and 26 m, respectively. From Figure 7, we note that when H is ~56 m and ~70 
m, the acoustic and audio-visual evaluation levels are the lowest. However, visual evaluations 
always exhibit a decreasing trend. We could find a correlation between Have and the subjective 
audio-visual comfort level, with an R2 value of 0.841. It is also interesting to note that all 
three indicators exhibit similar trends (Figures 7a and 7c). 
 
Here, it is noteworthy that a significant negative correlation exists between visual comfort and 
Have (r = -0.652, p < 0.05), between audio-visual comfort and Have (r = -0.853, p < 0.01), and 
between acoustic comfort and Have, (r = -0.664, p < 0.05), as can be inferred from Table 4. 
Similar relationships were observed to exist between Hmin and the three indicators and Hmax  
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Figure 7. Relationship between Hmin and comfort-level evaluation (a); Relationship between Have 
and comfort-level evaluation (b); Relationship between Hmax and comfort-level evaluation (c). 
 
and the three indicators, as can be inferred from Table 4. Therefore, H forms an important 
factor in comfort evaluation. 
3.4 Effect of SL  
Although the results presented thus far indicate a correlation between W, H, and the indicators 
of acoustic comfort, and audio-visual comfort, the SL is an important factor which cannot be 
ignored [5, 11]. Figure 8 shows the relationships between the measured LAeq values and the 
comfort level evaluation, with the corresponding quadratic regressions and the correlation 
coefficients R2. In Figure 8, each symbol represents the average of the comfort level 
evaluation for a specific value of LAeq. With an increase in LAeq, the mean evaluation score of 
the two abovementioned indicators decreases. 
 
As regards acoustic comfort, we observed a significant negative correlation between acoustic 
comfort and LAeq (Table 5, r = -0.717, p < 0.05), which is consistent with the previous study 
[5]. However, LAeq variation accounts for only 66.8% of variability in the subjective acoustic 
comfort, with an R2 value of 0.668, thereby indicating the presence of other possible factors of 
influence. For example, the adaptability of the environment and lifestyle habits could possibly 
affect the respondents, for e.g. people with driving habits show a high tolerance for high 
traffic noise while people who do not drive are sensitive to traffic noise and find themselves 
very uncomfortable with high noise levels in the street. Living environments may have also 
affected the respondent responses: a respondent living near a highway is not likely very 
sensitive to high decibel levels, and can show more tolerance or even rate the acoustic 
comfort as positive. 
 
Figure 8. Relationship between SL and comfort-level evaluation. 
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Furthermore, SL should be limited to within 58 dBA to obtain positive attitude in terms of 
audio-visual comfort from participants, as shown in Figure 8. The influence of SL on 
audio-visual comfort for the various cases discussed in the study can be inferred from the 
entries in Table 5, where a significant negative correlation between audio-visual comfort and 
LAeq can be observed (r = -0.683, p < 0.05). This result is consistent with that of a previous 
study indicating that the pleasantness of the environment can increase with reduction in the 
traffic noise level [7]. However, an R2 value of 0.720 suggests that LAeq may not be the only 
factor affecting the audio-visual comfort. Indeed, some respondents from Hong Kong and 
Southeast Asia said that they preferred crowds and a life of peddling and marketing, and 
noisy markets could be tolerated as long the environment did not feel too µloud¶. This 
indicates that the living environment could form another important factor which influences 
the evaluation of audio-visual comfort. 
 
Table 5. 6SHDUPDQ¶V FRUUHODWLRQ FRHIILFLHQW EHWZHHQ 6/ DQG UHODWHG YDULDEOHV LQFOXGLQJ WKH
two-tailed significance levels. Significant correlations are marked with * (p < 0.05) and ** (p < 
0.01). 
 
 
 
The relationships between SL and street scale (H, W and H/W) were also examined. The 
dependence of LAeq on H is shown in Figure 9. Although LAeq increases with increasing H, 
and the R2 values between LAeq and H (Hmin, Have, Hmax) are 0.630, 0.690, and 0.719, 
 
Figure 9. Relationship between SL and H. 
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respectively, significant correlations were not observed between LAeq and H since the 
6SHDUPDQ¶VFRUUHODWLRQFRHIILFLHQWp is greater than 0.05 between LAeq and H (Table 5). 
 
 
Figure 10 shows the relationship between W and LAeq, including the linear regressions and the 
correlation coefficients R. Parameter W increases with increasing LAeq, with an R value of 
0.76. We observed a significant correlation between LAeq and W, as can be inferred from 
Table 5, according to 6SHDUPDQ¶V FRUUHODWLRQ (r = 0.632, p = 0.05). Therefore, limiting the 
width of the street can also limit LAeq. In addition, we found a significant negative correlation 
 
Figure 10. Relationship between W and SL. 
 
Figure 11. Relationship between SL and W/H. 
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between acoustic comfort and LAeq. Therefore, it can be concluded that restricting the width 
of the street can improve the sound comfort level. Although our choice of streets covers a 
broad range of street widths from 7 to 46 m, the observed relationship between W and LAeq in 
the present work is consistent with a previous study which compared the streets in the UK and 
Hong Kong (HK), where the mean values of W are 15.2 m and 26 m, respectively. The LAeq 
values for narrow streets in the UK are slightly lower than those for the streets in the HK with 
a line source [5].  
 
Figure 11 depicts the relationship between LAeq and W/H with the corresponding quadratic 
regressions and the correlation coefficients R2: LAeq decreases with increase in W/H. In 
addition, the R2 values between W/H (W/Hmin, W/Have, W/Hmax) and LAeq are 0.268, 0.421, and 
0.605, respectively, in Figure 11. Only one significant negative correlation between W/Hmax 
and LAeq was observed. The corresponding SSHDUPDQ¶V FRUUHODWLRQ FRHIILFLHQW LV listed in 
Table 5 (r = -0.774, p < 0.01). The field measurement results corresponding to the 
relationship between W/Hmax and the acoustic comfort level agree with previous research 
based on the coupled finite-difference time-domain-parabolic equation (FDTD-PE) model 
which suggested that except for very narrow streets, the shielding of buildings between the 
streets was insensitive to the W/H value of parallel streets for sound propagation [5, 36].  
 
4. Conclusions 
 
Pervious research has indicated that more than 80% of the human sensory input is visual [37], 
and as a result, the audio-visual senses majorly contribute to obtaining information from the 
surrounding environment. This work demonstrates that street scales play very important roles 
in determining people¶s overall audio-visual comfort. In particular, the correlations between 
the three indicators (the visual, acoustic, and audio-visual comfort levels) and the street scale 
(W/H, W, and H), and those between the two indicators (acoustic, and audio-visual comfort 
levels) and SL, as well as the relationships between the SL and the street scale (W/H, W, and 
H) can be summarised as follows: Strong positive correlations are observed between (1) 
visual comfort and W/H, (2) audio-visual comfort and W/H, and (3) W and SL, while 
significant negative correlations are observed between (1) acoustic comfort and W, (2) visual 
comfort and H, (3) acoustic comfort and H, (4) audio-visual comfort and H, (5) acoustic 
comfort and SL, and (6) audio-visual comfort and SL.  
 
Although the effect of the street scales on audio-visual perceptions cannot be directly 
calculated since acoustic and visual factors are not changeable independently in the real world, 
our survey study suggests that subjective comfort evaluations are directly related to the scales 
of streets. A high quality of visual, acoustic, and audio-visual comfort can be achieved by 
increasing W/H and reducing W and H, and the reduction in SL is beneficial to both acoustic 
and audio-visual comfort. To increase the audio-visual comfort, the following scales of streets 
are recommended: W/H > 1, W < 20 m, H < 26 m, SL < 58 dBA. However, the influence of 
the street scales on acoustic and visual comfort evaluation was investigated independently in 
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the present study. Future work will be focused on revealing the effect of the street scales on 
audio-visual interactions in urban areas. 
 
We believe that our study can be beneficial to urban designers and architects in reasonably 
predicting and controlling the street environment by varying the street scales [38±40] to 
design urban environments with high levels of audio-visual comfort in future urban planning 
and construction. 
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